












































































































































One	of	our	group	members,	Alex,	 is	 currently	 rebuilding	a	1992	 Jeep	Wrangler	 for	off-roading	
purposes.	While	deciding	how	to	mount	his	aftermarket	bucket	seats,	he	noticed	that	his	especially	tall	
roommate	was	not	able	to	fit	 in	the	passenger	seat.	With	the	seats	at	a	comfortable	position	for	Alex,	
taller	 passengers	would	 contact	 the	 roll	 cage	with	 their	 head.	 Knowing	 that	 bucket	 seats	 are	 usually	
mounted	with	zero	adjustment,	the	challenge	became	clear:	design	a	seat	mount	that	can	quickly	adjust	
the	 seat	 position.	 The	 general	 function,	 shown	 in	 Figure	 1,	 is	 for	 the	 seat	 to	 be	 adjustable	 forward,	





















































concern,	 quantifying	 these	 forces	was	 essential	 to	 understanding	 the	 design	 challenge.	 Finally,	 space	





During	 our	 design	 research,	 we	 found	 numerous	 customers	 wants,	 product	 limitations,	 and	
existing	designs.	Our	original	customer	is	Alex	Croteau,	but	we	needed	to	expand	our	customer	market	
since	Alex	 is	 also	 a	 group	member	within	 the	 project.	We	 turned	 to	 outside	 sources	 to	 gain	 a	 better	
understanding	of	what	is	important	to	off-road	riders	in	the	market	for	an	aftermarket	seat	base	designed	
for	bucket	seats.	We	looked	for	insight	from	two	sources:	Poly	Performance,	a	local	off-road	parts	supplier,	




















solid	mounting	 point.	 This	 solution	 is	 typically	 sturdy	 as	 there	 are	 no	moving	 parts	 or	 hinges.	On	 the	
current	Jeep,	the	base	frame	is	tied	into	the	cage	and	the	floorboard.	This	method	is	relatively	cheap,	but	
requires	custom	fabrication,	cutting,	and	welding.	Once	the	seat	position	is	set,	there	would	be	no	way	to	



















Another	way	of	 installing	bucket	 seats	 is	 to	purchase	aftermarket	bucket	 seat	mounts.	 	While	
promising	 in	 theory,	 these	 mounts	 require	 more	 work	 than	 custom	 rigid	 mounting	 because	 the	
aftermarket	bracket	mounts	are	not	specific	for	off-road	applications.		The	mounting	hole	locations	are	
designed	 for	 street	cars.	Because	every	vehicle	has	unique	mounting	holes	 for	 seat	bases,	 these	parts	














some	 important	 takeaways	 from	 this	 product.	 First,	 aftermarket	 powered	 seat	 bases	 exist.	 Secondly,	





















Patent	Number	 Patent	Title	 Description	 Drawing	
US6244660B1	 Power	 seat	for	Vehicles	
This	is	Nissan	Motor’s	
1999	 patent	 for	 a	
powered	 seat,	
consisting	 of	 a	 lead	
screw	 activated	 seat	



















Seat	 slider	 with	 a	
motor	 mounted	 on	
the	 movable	 rail	


















	 The	 takeaway	 from	 this	 patent	 research	 was	 that	 there	 are	 different	 ways	 of	 adjusting	 seat	
position,	and	many	existing	patents	on	the	topic.	Most	powered	seat	bases	use	a	system	of	lead	screws	
and	motors	to	adjust	the	seats;	most	manual	seat	bases	use	a	locking	system	either	with	cams	or	slots	to	









Acoustical	 Society	 of	 America	 [7]	which	 researched	 the	 comfort	 of	 seats	 in	 automobiles.	 This	 directly	
applied	 to	 our	 objectives	 of	 the	 product	 as	 comfort	 for	 the	 rider	 is	 an	 important	 customer	 want.	 In	
preparation	for	calculating	the	forces	for	vehicle	roll,	we	found	two	articles	which	describe	the	state	of	









Custom	 off-road	 vehicle	 owners	 looking	 to	 change	 driver	 and	 passenger	 seats	 have	 been	
historically	 limited	 in	 their	 choice	of	 seats	 and	 seat	 position	due	 to	 the	 lack	 of	 aftermarket	 and	OEM	















































potential	 specifications,	 considered	 how	 those	 specifications	 related	 to	 each	 other	 and	 defined	 how	
important	each	test	should	be	 for	 those	specifications	and	the	desired	results.	Although	complex,	 this	
process	gave	us	an	idea	of	how	we	should	specify	our	product	based	on	preliminary	research.	The	House	
of	Quality	gave	us	a	goal	to	work	towards	during	the	design	phase	of	this	project.	
















Spec	#	 Parameter	 Target	 Tolerance	 Importance	 Risk	
1	 Deflection	at	max	force	 2	Inches	 MAX	 High	 High	
2	 Cost	to	Manufacture	 $250	 MAX	 Medium	 Medium	
3	 Longitudinal	Travel	 6	Inches	 MIN	 Medium	 Low	
4	 Vertical	Travel	 3	Inches	 MIN	 High	 Low	
5	 Meets	DOT	standard	 Section	S71.207	 MIN	 High	 Medium	




















The	 highest	 expected	 risk	 specifications	 were	 deflection	 at	 maximum	 force	 and	 vertical	 travel.	
Deflection	at	maximum	force	is	a	combination	of	seat	and	mounting	rigidity,	as	well	as	the	tolerance	on	
parts	 to	 fit	 together	 well.	 This	 was	 a	 challenging	 specification	 to	 meet,	 as	 current	 car	 seats	 move	
significantly	under	low	force.	The	vertical	travel	was	challenging	to	meet	as	the	adjustment	for	this	motion	








































jack.	These	designs	are	quite	common	and	easy	 to	design	and	assemble	and	are	known	 to	be	able	 to	
withstand	exceptionally	high	loads.	Additionally,	a	clever	design	would	allow	the	jack	to	fold	in	on	itself	
which	 gives	 this	 design	 a	 space	efficiency	 advantage.	Our	next	 idea	 involved	 vertically	 oriented	 linear	









































shown	 in	 Figure	 16	 below,	 we	 chose	 to	move	 forward	 with	 a	 design	 that	 includes	 two	 independent	






































Though	 no	 decisions	 were	 made	 on	 materials,	 hardware,	 exact	 geometries,	 dimensions,	 or	









driving	 the	 Jeep.	The	 test	 is	 intended	 to	demonstrate	 that	 the	 scissor	 lift	 components	 can	handle	 the	














to	see	 if	a	plastic	could	meet	 the	primary	safety	goal.	Tight	 tolerances	will	also	be	required	to	 reduce	


























Next,	 plastic	 covers	 were	 added	 to	 increase	 rider	 safety.	 The	 covers	 prevent	 the	 rider	 from	
accidentally	placing	a	finger	between	the	arms	when	the	device	is	closing.	Additionally,	steel	L-brackets	
that	wrap	around	the	sliding	channels	made	from	high	density	polyethylene	were	added.	These	allow	for	




















accelerometer	 taped	 to	 the	 floorboard	of	Alex’s	Grand	Cherokee	during	an	off-roading	excursion.	The	
worst	 loading	 case	 was	 found	 using	 the	 maximum	 acceleration	 with	 an	 additional	 safety	 factor;	 the	





available	 in	 different	 sizes	 and	 thicknesses.	 It	 is	 also	 easy	 to	 machine,	 easy	 to	 weld,	 strong,	 and	
inexpensive.	 The	 steel	 main	 structure	 was	 created	 in	 SolidWorks,	 and	 the	 thicknesses	 and	 sizes	 of	
components	were	changed	based	on	our	findings	shown	in	Appendix	E:	Design	Analysis.		In	 summary,	 all	






































will	 use	 gearmotors	 with	 ratios	 similar	 enough	 to	 the	 calculated	 value.	 This	 will	 save	 costs	 on	 the	
prototype,	 for	 the	 final	 product,	 custom	 gearboxes	 would	 be	 ordered.	 Most	 of	 the	 materials	 were	





































































tapped	 on	 the	 ends	 for	 10-24	 screws	 to	 hold	 them	 in	 place.	 Our	 electrical	 components	 were	 wired	
























































































applied	moment.	 Section	 S71.207	 states	 that	 the	base	must	withstand	 the	 following:	 “In	 its	 rearmost	
position	-	a	force	that	produces	a	373	newton	meters	moment	about	the	seating	reference	point	for	each	
designated	seating	position	that	the	seat	provides,	applied	to	the	upper	cross-member	of	the	seat	back	


































































resources	needed	to	complete	 these	tests	were	outside	of	 the	 team’s	means,	and	at	 this	stage	of	 the	













sent,	 the	 ideation	 phase	 began,	 which	 led	 to	 our	 decision	 of	 which	 designs	 we	 thought	 were	 most	
promising.	Decision	matrices	were	utilized,	and	details	of	the	design	were	generated	via	CAD.	Information	
about	 our	 optimal	 design	 was	 presented	 to	 the	 sponsor	 during	 the	 Critical	 Design	 Review.	 Next,	 we	
gathered	feedback	from	our	sponsor	and	classmates	on	our	CDR.	Then,	we	made	necessary	adjustments,	
and	 continued	 to	 ideate,	 prototype,	 and	 learn	 from	 the	 results.	 We	 continued	 to	 purchase	 parts	 as	
necessary	to	move	forward	with	our	prototype.	We	continued	construction	as	we	were	ready	to	proceed	
and	made	 slight	 adjustments	 to	 the	 design	 often	 to	 ease	manufacturing	while	maintaining	 structural	




















be	 installed.	The	 fabrication	process	went	 smoothly	as	 is	detailed	 in	 the	manufacturing	 section	of	 the	



































































move	from	boundary	to	boundary	were	far	 less	 important	than	safety	factors.	This	 failure	 likely	stems	
from	the	selection	of	our	specifications	being	decided	without	the	user	fully	in	mind.	Additionally,	since	
our	sponsor	had	no	stake	in	the	project	other	than	our	team’s	success,	there	was	no	3rd	party	clearly	listing	





of	 design.	 Specifically,	 we	 have	 learned	 about	 the	 benefit	 of	 using	 sheet	metal	 to	 quickly	 produce	 a	



























































































1 |||||| 13% 10 4 10 7 9 5 3 2 5 3 1
2 |||||| 13% 7 6 10 7 9 5 4 3 4 3 2
3 ||||| 10% 7 3 5 8 9 5 2 3 4 1 3
4 |||| 9% 7 1 5 9 9 4 4 3 2 0 4
5 ||| 7% 7 1 3 6 9 0 3 4 3 5 5
6 |||| 9% 8 3 4 6 9 1 3 4 3 4 6
7 |||||| 12% 4 10 5 5 9 0 2 0 3 0 7
8 |||||| 13% 4 9 7 7 9 0 0 0 2 0 8
9 || 5% 1 1 10 1 9 3 1 0 3 0 9
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Appendix	B:	Gantt	Chart	
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Appendix	C:	Design	Hazard	Checklist	
	
	
	
	
	
	
	
	
	
	 	 	
	
43	
Description	of	Hazard	 Planned	Corrective	Action	 Planned	
Date	
Actual	
Date	
		
		
Sharp	edges	may	exist	
		
		
Edges	would	be	sanded	down	or	
covered	with	soft	cover	reducing	
the	danger	of	the	hazard.	
May	21,	2019	
During	
Manufacturing	
	
		
Pinch	points	will	likely	
exist	
		
		
		
Pinch	Points	would	be	contained	
within	the	seat	base	making	
hazardous	exposure	very	unlikely	
April	25,	2019	 5/1/2019	
		
		
Large	forces	would	be	
produced	by	product	
		
		
Large	forces	would	be	contained	by	
slow	velocity	of	seat.	Additionally,	
the	base	will	have	mechanical	stops	
preventing	forces	from	escaping	
expected	seat	base	boundaries.	
April	9,	2019	 4/20/2019	
		
		
Pressing	action	will	be	
produced	by	product	
		
		
The	base	will	have	mechanical	stops	
preventing	forces	from	escaping	
expected	seat	base	boundaries.	
Additionally,	user	will	have	control	
of	the	pressing	and	releasing	action	
April	9,	2019	 4/20/2019	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	 	 	
	
44	
Appendix	D:	Ideation	Results	
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Appendix	E:	Design	Analysis	
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Appendix	F:	Drawing	Package	
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Appendix	G:	Electrical	Schematic	
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Appendix	H:	BOM	
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Appendix	I:	Owner’s	Manual	
Please	ensure	safe	practices	are	being	followed	during	installation	and	operation	of	the	electric	seat	
base.		The	product	has	been	designed	to	be	as	safe	as	possible	to	use,	but	hazards	still	exist.		By	reading	
through	this	owner’s	manual,	we	hope	to	mitigate	any	risks	associated	with	installing	and	using	this	
product.		
Installation:	
1. Remove	existing	seat	in	vehicle	from	seat	mount	
a. CAUTION:	Car	seats	can	be	heavy	and	require	reaching	into	the	vehicle	to	lift.		
Ensure	hands	are	clear	of	possible	pinch	points	after	removing	all	hardware	
2. Remove	existing	seat	base	from	floorboard	
3. Clean	area	and	prepare	new	seat	base	for	install	
4. Install	seat	base	adapter	to	your	specific	vehicle.		This	will	allow	for	the	product	to	be	
installed	in	a	variety	of	applications.			
5. Install	seat	base	onto	adapter	
a. Place	seat	base	onto	adapter	
i. CAUTION:	Seat	base	weighs	25	lbs	and	needs	to	be	reached	into	the	
vehicle	in	order	to	install.		Use	care	when	lifting	and	wear	proper	
footwear.	
b. Install	4	mounting	bolts	and	washers	to	secure	seat	base	onto	seat	base	
adapter	
i. CAUTION:	The	seat	base	would	be	loose	during	this	process.		The	bolt	
locations	are	designed	to	be	away	from	pinch	hazards,	but	care	should	
still	be	used	while	the	base	is	loose	
6. Install	seat	onto	seat	base	
a. CAUTION:	Car	seats	can	be	heavy	and	require	reaching	into	the	vehicle	to	
install.		Ensure	hands	are	clear	of	possible	pinch	points	before	installing	all	
hardware	
7. Wire	seat	base	into	12v	system	of	vehicle.		The	seat	base	can	be	wired	to	12v	directly	or	
to	12v	accessory	power,	but	we	do	not	recommend	wiring	to	ignition	power.			
a. The	electric	seat	base	has	a	fuse	built	into	the	seat	base	itself,	so	use	the	
included	wiring	to	connect	to	a	reliable	12v	source	and	ground.			
i. CAUTION:	Electrical	hazards	exist	when	doing	vehicle	wiring.		Ensure	
negative	battery	cable	is	disconnected	so	the	vehicle	has	no	power	in	
case	of	short.		If	a	short	does	occur,	the	fuse	will	blow	in	the	seat	base	
and	will	need	to	be	replaced	to	use	the	product.	
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Use:	
1. The	electric	seat	base	comes	set	up	from	the	manufacturer	to	travel	6”	fore/aft	and	3”	
up/down.		To	trigger	this	motion,	use	the	switches	on	outside	of	the	seat	base	to	
provide	current	to	the	motors.			
a. CAUTION:	The	switches	are	located	near	moving	components	of	the	seat	base.		
Shielding	has	been	added	for	the	user’s	protection.		Do	not	modify	or	remove	
this	shielding.	
2. When	the	seat	reaches	the	end	of	its	travel,	the	motion	will	stop.		At	this	point,	no	
current	will	be	sent	to	the	motor	unless	the	switch	is	pressed	in	the	reverse	direction.	
a. CAUTION:	In	case	of	limit	switch	failure,	the	motor	will	push	the	seat	base	to	the	
mechanical	stop.	This	will	cause	overcurrent	to	occur	and	the	fuse	to	blow.		The	
fuse	and	limit	switch	will	need	to	be	replaced	to	move	the	seat	base.		Call	the	
manufacturer	for	help	in	this	situation.	
	
` 	
	
Thank	you	for	purchasing	your	new	electric	seat	base!		We	hope	you	enjoy	the	use	of	our	product	for	
years	to	come.			
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Appendix	J:	Links	To	Purchased	Parts	
Motors:	
	 https://www.andymark.com/products/snow-blower-motor-with-hex-
shaft?via=Z2lkOi8vYW5keW1hcmsvV29ya2FyZWE6OkNhdGFsb2c6OkNhdGVnb3J5LzViYjYxOGI0YmM2Zj
ZkNmRlMWU2OWZkZg	
	
Lead	SScrew:	
	 https://www.mcmaster.com/98935a911	
	
Lead	Screw	Nut:	
	 https://www.mcmaster.com/94815a045	
	
Cross	Bar	Dowel	
	 https://www.mcmaster.com/8920k115	
	
Steel	Plate	
	 https://www.mcmaster.com/1388k471	
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Appendix	K:	Risk	Assessment	
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Appendix	L:	FMEA	
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Appendix	M:	DVP&R	
	
	
